In total, 26 medical conditions increased the odds of not working. Multimorbidity as well as having prevalent medical condition(s) within each of the Cumulative Index Rating Scale Morbidity Classes were associated with increased odds of not working. Few medical conditions were associated with higher odds of working part-time (vs. full-time) or unemployment (vs. working).
INTRODUCTION
Work status is frequently considered a predictor of poor health, with non-working adults reporting lower self-worth, less self-confidence, and less social integration. Previous research has also shown that life expectancy is inversely associated with high unemployment rates in the U.S [1] . In this nationally representative study, heart disease, cancer, diabetes, and liver cirrhosis were among the variables shown to be related to reduced life expectancy. The authors suggest that evaluating the impact of employment status on health disparities is an exigent public policy concern [1] . We hypothesize that health status may also be linked with various employment outcomes, and that this bidirectional relationship warrants further investigation. Other work utilizing national-level data indicate a relationship between various comorbidities, including musculoskeletal conditions [2] , depression [3] , chronic pain [4] , on working status. We propose that delineating the plausible linkage between multimorbidity and employment is of paramount importance, as chronic physical and psychological limitations may predict increased risk of early mortality [5] . Thus, identifying and addressing medical conditions which may increase the likelihood of not working remains a major national health issue.
To our knowledge, this is the first population-based study
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utilizing NHANES data to investigate this relationship. To this end, the purpose of this investigation was to comprehensively examine the association between a multitude of medical conditions and work status among a national sample of U.S. adults.
We chose to partition work status into distinct categories, beyond employed versus unemployed, as recent work demonstrates the damaging effects of insufficient employment in the modern economic climate [6] . Individuals employed part-time, may receive lower hourly wages, or salary reductions. Therefore, full time versus part-time status were included as critical variables of interest. We also dichotomized individuals into not working/not actively seeking gainful employment (i.e. those unable to work), and unemployed individuals, who are expected to be physically and/or mentally able to actively seek employment. This is an important distinction, as the capacity for seeking employment is likely to contribute to temporary versus long-term absences from the workforce, as well as differential consequences of not working between these groups, which may include (but is not limited to) social risk factors, progression of chronic disease states, access to healthcare, socioeconomic status and eligibility for financial assistance.
Poverty has been shown to impact global health status [7] .
This relationship may be bidirectional, meaning health status may also contribute to reduced ability to work, or work effectively and consistently when employed. Thus, more research is needed on this topic to evaluate the specific influences of physical and psychological health determinants on stable employment. Healthcare policies in the United States have traditionally highlighted the importance of providing treatment for acute conditions. Economic and public health resources are generally directed to clinical care, over behavioral and lifestyle interventions, an imbalance which may exacerbate the extent of population-based health disparity over time [8] . Exploring the linkages between chronic lifestyle conditions and the ability to remain productive in the workforce will underscore the need for targeted public health interventions to develop strategies promoting both stable heath and stable employment.
In addition to examining the impact of medical and behavioral conditions, we also examined the extent to which multimorbidity (combination of medical conditions) is associated with work status. Our work provides important nationally representative data regarding health-related factors which affect employment. Such information will facilitate the development, implementation, and evaluative efforts of targeted interventions to promote employment among those with chronic illness. geographic areas. Participants were interviewed in their homes and then subsequently examined in a mobile examination center (MEC) by NHANES personnel. The self-report medical conditions (e.g., coronary artery disease) were obtained from the household interview, with the examination (e.g., peripheral neuropathy) and laboratory (e.g., cholesterol) data obtained during the MEC evaluation. The impact of medical conditions was examined across the cycles for which that medical condition was assessed (Table 1) .
MATERIALS AND METHODS
Design and participants
Participants provided informed consent and the study was approved by the National Center for Health Statistics ethics committee. b Represents the unweighted sample size for having the evaluated medical condition. For example, 7,342 had a physician diagnosis of arthritis. For medical conditions with multiple categories (e.g., no retinopathy, mild retinopathy, and moderate or greater retinopathy), this sample size estimate is the number of participants with any degree of the impairment/condition (e.g., mild or moderate+ retinopathy).
c Represents the weighted proportion of column "c", i.e., the proportion of Americans with any degree of the evaluated impairment/condition. Accelerometry over a 7-day period, and only including those providing at least 4 days of 10+ hrs/day of monitoring.
Physical inactivity defined as engaging in ＜ 150 min/wk of accelerometer-determined moderate-to-vigorous physical activity (1-min bouts). Serum cotinine levels of ＞ 1.78 ng/mL for men and ＞ 4.47 ng/mL for women were assessed to differentiate smokers from non-smokers
Assessment of medical conditions & work status
Evaluated conditions were based on self-report (e.g., survey-assessed depression), physician diagnosis (e.g., stroke), direct examination (e.g., peripheral neuropathy), and laboratory values (e.g., elevated cholesterol), with medical conditions categorized into Cumulative Index Rating Scale (CIRS) Morbidity Classes. Details regarding the assessment of self-report, physician-diagnosed, examination-determined, and laboratory-determined medical conditions are provided in the Table 2 . Across the 1999-2012 cycles, 15 medical conditions were consistently evaluated across all ages, including arthritis, asthma, bronchitis, cancer, congestive heart failure, coronary artery disease, diabetes, emphysema, hypertension, kidney disease, obesity, weight status (defined via body mass index), liver disease, stroke, and dyslipidemia (i.e., elevated total cholesterol or low HDL cholesterol). As previously described, we used these 15 conditions to define participants with 0 (n = 6,775), 1 (n = 7,626), 2 (n = 5,134), 3 (n = 2,568), 4 (n = 1,074), and 5+ (n = 777) medical conditions; notably, these sample sizes don' t sum to 28,119 participants due to missing data for some of the morbidities used in the multimorbidity calculation.
As reported elsewhere, working is defined as working at an outside job or business within the last week; full time is defined as ≥ 35 hours/week; not working is defined as either not seeking work, nor on layoff; unemployed is defined as looking for work or on a layoff.
Data analysis
All statistical analyses were computed in Stata (v. 12), with analyses adjusted for the complex survey design employed by NHANES. Multivariable logistic regression models were used to determine if various medical conditions increased the odds of not working (vs. working), working part-time (vs. working full-time), and being unemployed (vs. working). As noted in the footnote of Table 3 , all self-report of physician-diagnosed conditions were included in one model. The examination-determined variables were not all collected during the same cycles; therefore, separate models were computed for each of these examination-determined medical conditions. Separate models were Separate models were computed for each of the laboratory-determined variables not all participants had data on all biomarkers.
In each model covariates included age, gender, and race-ethnicity.
The examination-determined variables were not all collected during the same cycles; therefore, separate models were computed for each of these examination-determined medical conditions. Covariates age, gender, and race-ethnicity were included in each model. †
Working is defined as working at an outside job or business within the last week; full time is defined as ≥ 35 hrs/wk; and unemployed is defined as looking for work or on a layoff. also computed for each of the laboratory-determined variables, as not all laboratory variables were available for each cycle. Finally, models were computed to determine the impact of how work status varied with the number of prevalent medical conditions (as defined above). Age, gender (male/female), race-ethnicity (Mexican American, non-Hispanic white, non-Hispanic black, and other), education (＜ 9 th grade, 9-11 th grade, high school, some college, college or more) were included as covariates. Prevalence of health care utilization over the past 12 months and family income-to-poverty ratio were also included in sensitivity results to determine the additional impact these variables had on the association between chronic disease and employment.
Results were similar when stratified by education status (data not shown), so education was included as a covariate instead of providing results stratified by education.
Statistical significance was established as p ＜ 0.05.
RESULTS
Results are based on the following CIRS categorizes: cardiac, vascular, respiratory, ophthalmological, hepatic, renal, musculoskeletal, neurological, endocrine/metabolic, and
psychiatric. An inclusion of this battery of conditions provides a more comprehensive assessment of individual health.
Although not a CIRS morbidity class, the association between health-compromising behaviors (e.g., physical inactivity and smoking) and work status was also examined to further examine all relevant associations between health and work status.
Twenty-six medical conditions were associated with significantly higher odds of not working (p ＜ 0.05; shown in Fig. 1 ). When results were stratified by gender, similar results were generally observed for both men and women (Table 3) .
Multiple medical conditions associated with not working
The weighted proportion of Americans with 0, 1, 2, 3, 4, and 5+ chronic diseases, respectively, was 29.3%, 32.4%, 21.1%, 10.2%, 4.3%, and 2.7%. Regarding being multimorbid (2+ diseases), 38.3% was multimorbid.
The proportion of Americans not working increased substantially as multimorbidity increased, with a similar trend observed across gender (Fig. 2) . Similarly, the adjusted odds of not working increased substantially as multimorbidity increased, with the greatest change occurring between having with 0 morbidities, the odds ratio for those with 1, 2, 3, 4, and 5+ morbidities, respectively, was 1.14 (95% CI: 
DISCUSSION
Few population-based studies have examined the association between health and work status, with a recent study [9] demonstrating that those with worse vision have in- Among this national sample of U.S. adults, multimorbidity was prevalent, with 38.3% having 2 or more medical conditions and approximately 3.0% having 5 or more conditions, which is in alignment with other studies [10, 11] .
While several individual medical conditions increased the odds of not working, the likelihood of not working increased drastically with the degree of multimorbidity.
The association between morbidity and multimorbidity with work status is complex and likely influenced by a multitude of factors, including socioeconomic status (SES), and in particular, an individual s income level [12] . For example, adults with lower SES are more likely to be multimorbid and individuals from lower SES groups have an increased risk of losing their jobs [13] . Not working, in turn, may further increase their risk of morbidity by, for example, reducing their income level and ultimately making it less likely that healthcare is sought (even if available), increasing medication non-compliance, and making it more difficult to adhere to healthy lifestyle habits (i.e. nutritious food and access to exercise resources, including equipment and trained exercise specialists) [14] . Such an effect may also precipitate other chronic diseases, such as depression, which can result in a vicious cycle inhibiting work status.
Recent work has shown that employment is associated with favorable physical and psychological health outcomes [15] . At a societal level, better methods are needed to facilitate employment amongst the chronically ill, particularly among those with multimorbidity. As the relationship between health and employment status appears to be bidirectional, promotion of favorable health among those with chronic ailments may, in turn, facilitate acquisition and retainment of employment over time [15] . The concurrent presence of multiple chronic diseases may render difficulty in working ability and attendance, possibly as a result of several comorbidity-induced mediators, such as fatigue [16] , cognitive dysfunction [17] , mobility limitations [18] , and need for regular medical appointments. Our findings support the goals outlined by the United States Department of Health and Human Services for improving the health of individuals with multiple chronic conditions [19] . While programs to facilitate employment in the chronically ill may be expensive, the societal costs to support non-working individuals is also high at the government, family, and individual level [20] . The low, private cost of untaxed unemployment in the short-term, may actually increase the cost of permanent unemployment in the United States, as select individuals are fully covered by unemployment benefits for a brief period. The culture of acceptance of financial assistance has transformed within the modern social climate to promote reliance on these low-cost benefits among disadvantaged individuals. Disability insurance, food stamps and health insurance payments provide a sense of personal well-being and security, which may exponentiate the amount of national unemployment debt [21] . Unemployment is suggested to confer higher monetary costs than inflation, which increases the global economic burden, particularly among the elderly and least educated [22] , who are at a higher risk of health disparity [23, 24] . relative to the morbidity-work capacity interaction [27, 28] .
Our observation of a statistically significant positive interaction between multimorbidity and depression further corroborates these assertions. Additionally, there is no gold standard method for calculating one s comorbid load, such that our method of calculating multimorbidity may not be optimal. Further, the NHANES did not evaluate several work-related parameters (e.g., job loss history, duration of unemployment, and loss of opportunity to work), which should be taken into consideration with future work on this topic as these work-related parameters likely play an important role when defining the morbidity-work status relationship. Notable strengths of this study include the utilization of a large national sample of U.S. adults, and comprehensively (using questionnaire, direct examination, and laboratory assessments) examining the association of morbidity and multimorbidity with work status while employing numerous robust measures of health (e.g., pulmonary function-determined COPD, accelerometer-determined physical inactivity, and objectively assessed vision, hearing, and neuropathy).
In conclusion, multimorbidity and numerous individual morbidities including cardiac, vascular, respiratory, ophthalmological, hepatic, renal, musculoskeletal, neurological, endocrine/metabolic, and psychiatric medical conditions were associated with increased odds of not working among
Americans. Further investigation is necessary to assess chronic effects of multimorbidity on employment status and quality of life, determine which interventions can effectively limit the impact of chronic disease on work status, and prevent the potential vicious cycle between morbidity and insecure employment.
